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/a3 F ) &y Sargassum macrocarpum  C.
Agardh (Fig. D &, #E#@e~<=sHkr v
By s BICBY 2 KBOHSTS 5, W,
18SrDNA o BRI BT Van De
Peer and Wacher 1997, H1ly 1999), B Liii ok
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BB 2 RO, B kORI AR T AR E
P & k& C S A A U (Fig. 2),
REEREMO b TRk M i & BERE LS
OUFE 1999), RpPOBEBIEE G L s v —7
T B,

wv 7o R R OB S MHEch g T
B AL, #600b itk L T3 (Yoshida

Fig. 1. Adult thallus of Sargassum macrocarpum C. Agardh.
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198D, iz, & 57 I RO GBI FIE R,
%'é, H, 3 sl ledmEcaiblte s (Fig. 3)
o, JEENLEED S, BRCEd 22 MM
)ﬁ‘@ i LTHBdTrsabBhihohahi,
Agardh (1889) kX v #RE & hic Phyllotrichia
Hil®, Schizophycus Wi#, Bactrophycus HilE,

Arthrophycus HiJ# B & U Sargassum (=
Eusargassum) WRO SR E ¢ 2 kR ML DO
Eumatazoa

Fungi

i

fibsboolifrzciBasncen s Fig. D,

AARU TR DND Bactrphycus, Schizophycus
BLY Sargassum D 3WH/MBEH SN B, ThE
NOJEHEN L E LT, Bactrophycus Mg idE
HFHoBoEWNNKMmL, EANETH b, HHE
KAMBRPRIE LT, Schizophycus TR
BIELGH L Ui s h, BEEHoa{boREH
s, RIBEESNH Y, Sargassum MG 3 HEW

Bangiophyceae
Rhodophyta "{ )

Florideophyceae

Chlorophyceae
Ulvophyceae
Chiorophyta Charophyceae
Higher plants
Bacillariophyceae
Heterokontophyta{
Phaeophyceae
Ciliphora Fucales
Dinophyta Cystoseiraceae

Fucaceae
Sargassaceae

L

Sargassum
subgenus Arthrophycus
subgenus Phyllotrichia
subgenus Schizophycus

subgenus Sargassum
(=Fusargassum)

subgenus Bactrophycus

section Repentia
section Spongocarpus
section Teretia
section Halochloa

- Sargassum macrocarpum

Fig. 2, Schematic diagram of phylogenetic position of Sargassum macrocarpum, inferred from molecular and

morphological data.
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MR, HERBRML OIS L TV
(Yoshida 1983, #IH 1998), —7, Phyllotrichia
HiR 4 L& Arthrophycus i SHEERIC T4 %
DXL T, Bactrophycus HBIEH T Y721 H
19 %, Yoshida (1983) EHARBED Bactrophycus
HRICH 2> L TIEBNEE 2R & L i
DI AT, RERE L OB R CHERMB KO
Wik E LT Repentia i, Spongocarpus i,
Teretia {iH LU Halochloa Hid 4 5> DHiZ#ED 5
EEbic, WBHMEILRL 2, TOPCHRIFELORHM
THbH /s aFY B2 Bactorophycus Ui @
Halochloa Hi& LTCHED S TWE (Fig. 26
JaF¥y ey oEgHE L TR Sergassum
serratifolium EROEBHBE LTV,
AWz =5 v® Lund #il$ 5 Agardh Herbarium
?D S. macrocarpum D ¥ 4 7RG, RE#Eko
Bo—ife, THElES - EOELEF BN I E
#wEET S, —H, Fucus serratifolium (=8,
serratifolium) D74 7EAE, s aFJEsiclh
NCHIRA N T, FEOESHL, FHOoREE b
1\ Yoshida (1983) (kifAR % Hleid U255
ETNET/AFJEI/OFERELTHTONTER
8. serratifolium & C. Agardh L b D&
B -THh, /72¥)Ts0%gr S
macrocarpum C. Agardh & U, S. serratifolium
(C. Agardh) C. Agardh K9 R/ a¥ Y &2
EVWOIRFBEM T, SO 8. serraiifolium G HA
AR OERTOA MBI N B,
JaEyesoEEconTl, sy T s EoM
Y& R BE P58 (holdfast), 32 (stem),
B (branch), ¥ (eal), %M (vesicle) M EKE
it T s (Fig, 3, A EmoB st
Ty, MREEBHEETES. Tm @0 - Ll 1978),
WDRENETER24mIc i 5 Murase and Kito
1998), fH#5ad e Pk T, HRTHESE» SE LK
Bl 5. 3k Gmain branch) @EOTEMIIZ S
HARYIL, EHOTHEHERELL 2B, |
PR, Bilicidd F 0 RSB WER S B
M TEA T 5, RHH» ST 5 HE (ateral

branch) &¥#L, KMHOWTHE 3 WIETH 5,
TR MO EIES 5 Wik, b E
THAMT, TEERD, Balicidfviilsd 5, 8
HWOUNASEEHO FHOWC@IK, Thiok
WMOMCEE Y, PihcEdsb0obdb b, Bl
MELELERDON S, EOHBECH Y, Eiko
THoETEIKMAHETH 5, FMEHRIES 3 0E
T, 20&MEE-TwAL, HLEUIBESE
L7/ MUoHELE (coronal leal) %05, HEHEZRH
M E - TR E N B HETEERR (receptacle) 1, B
S 5V IFHROREC, oK IR i)
4 %, WML T, M4 MK (female receptacle)
BEXW lom, HH3mm, HEOAEMIEK (male
receptacle) HEEH1.5cm, BH2mmoRESEK
7% (Yoshida 1983),

/3 FY B AR QBB 0 S TN £ T,
EIARHHR R O R S IUNPEE 2R CREL B £ T,
BRUMENME (XM 5 1975, Yoshida 1983, %
M 1992, WIS 1993, #1998, HKEH 1998) &
BaLEOTE AR L (Fig. 49, EMBREEER» Sk
BRI20m ORI £ THEE T 5. A EL 4 5 HH
oLTR, BEORERPIIER, > 0is 0B v

Fig. 4, Map showing distribution of Sargassum
macrocarpum around the coast of Japan.
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K EDH» SPHERRMBITEDbI TS, THbE,
TR RIEERO ~ B TOMRNREK & 5 BT
BB LB & oG, SBRI (RE12.5~25em®
N CLEoREi B0 TEBOE{LRT OB E L
T/ aFy s OHBAHREhTYS (S8 1985),
(LM IRANTIAA: T I3 E50cm E &L O EBEPE 350
em®A YT Y -7 ay s LTCEBOEEHEES
hTws GRS 1996). ILIMESEE#RE (Mo
1993) & XU TBIAWEHBAE (KE - F# 1995)
TIRER (AFA~SHK) 550RIER (FHKU
L) EeAREAEL, WEREET 3 C LARES
NTWE, £k, AMOLEBEHHILKEP RO
KX ERMAERTEEMWRENTVS (Yoshida
et al. 1963), HREAR L OBBICO VT, R
& BUIKEIE R - LvORDEERD B LI
o THMEL, ABEEHONS VERTHESE L TH
HEERL, BN IR CHERE RS
BEEAED ShTWwd K - 2% 1990), —7A,
ATRE R SN U 2o LT BT & BT e B B B
BRI, a ¥y & 3KET ~10mOEH TR
AL, BEEEERLTVYS (WS 1980, Licd-
T, XHRER, BEABIUEROL S RREL
WL, fREBOAE VEITE D SRBO/M
EWHERTES L TOMT 3 EMNH B,
ARIBELETHY, o/ vy EHEY & ERc
HRZIRA 0, A TR T & 23R R A S
FAOFEEMIELE T, B OEHIHIRE & T O
£ THALHHERIERIEELEY (Fig. o &
WOLR IS HHAEMIC X 5, HHHERET, TheEho
HA T RO & 5 O 2 BB IR SR &
N5, EHEBREONI TR (conceptacle) T
R NG, B oHEichi <, MRS T e
BMAOEIIE (cogonium) » o 8HEFT S
(egg) MERRE N, Thosil & WA DORTE I
5T 5, HEMRMACEEMBEN OGS
(antheridium) »5HT (sperm) 2iEHh, %
NHSEE &SRB Lk DAERNIThN B, R
DT A D SR (embryo) BHEARMIKEEERK L
ARSI 4 Eloflesdcle/MillcaB#Eh 5,

Z O/ 5 1 RFHDEIR (rhizoid) HMdE L,
LIROTHITII16RDRARBED S 515 (Inoh 1930).
(REBZE TS SR REBEC LSBT S MEy
A WA (primary leaf) %KL, WARPTE
B (germling) ~EEET B, TORIKN
$4k (uvenile thallus) % &8 T aR M T HE 15 B 4K
(matured thallus) IKAERT 248, TOHERBED
PWEES VTR INETHLMCERTI LD - T,
R E» SEE AT TED Sh, KREOM
HRTRIKE TIARRERR L T BRI MY
~XTCHERT B, FoBPlicddteEBh o wE
BAFELTWS (B0« UM 1978, Murase and
Kito 1998)s CO#H LVEREED SHRHT THE
L, =0k, B, HECIHTEMBELERIES,
F i, BT AN L OMAER ISR LSS RE
L, fEBoREIIEER» Y S5h5 (Yoshida
1983, Murase and Kito 1998).

JaFY ey OBEELRTEEN S e EREN S,
HoeBlidhry stk - TR s Lot
HOBIFTH B, 75 THAICIREERREEO/N
SREMHE L, AUHOMHHFRICE - TORESE
FER YT %o 4 MEFRANICE > TN 6L 3,
Wik b EES & o RERE/ N OB BB 0B
rEmbavwiy LA S, zox el T IEAY
OB L & OIS EE LT B i), &
hoEAd 2 080N B KUEFOR L2 » T
3 ({5 1962), 1z, ¥ ¥ v SHUI R ORBE
OFHRIT & O MEHSEE» BN 5 SR & 0 I
REG, ehEL S REicE Y, RABE
Bt B, FNBIRRIFIC L - THERKL, ~NvF RO
METH2EY v 242 LHELTEL ORMEMEE
B TH-70, v, bEOA, 1 HETEER
OHBERL D (N 1983)0 TOXHIH T BHEMK
T B+ v ¥y 3 FRBEHEBREE X OMEVETOR
OB B L SKRERICE » THETH S,
Foicw, BHEUT AnRRGBMHRRHELRT
HELT, SEESHOBREIC X 3SR Mc L
TOMBEERARIEAE TIHBA KTEbh TV 5,
R HlE T O 7R B W OKEAD O WM E
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Fig. 5. Life cycle of Sargassum macrocarpum.
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HiE Uik v 7 s BOMSEMRE L BilkHEE
MEEHENRTHWS (SEAFDEC 1990), =¥ 57 5
OTHEMFIR I VT, HASMTERL DK
LicbO%jiE & LCRWRD (Bl - #ri 1978),
A VERI 4 Y EVTRTAVF VBORESME LTRIA
EhTWws (A 1983, Trono 1999,

—%, HWERNEEE LTS e, s v TR
THR S N2 Hh R -PBERTREY O 7 ~ & oK
Eha 7w e RMICBREBRO—RERE & L
THEELSHBER LTS (FHi 1973). & 74,
BHTEMB>TWBE Y 3~y —Joy FEPLY v —
BERORBIVEHEho- s 5P ARP S/ &
YRR PRBWTH 7 IR, R oMRE
ThirEEbI, BAAHICE -TOT A =25 4 —2%
WeE LT, $TETHEEENEEILPELON5,
Linl, ABIESOREE & KEHRPRREOM
FORMAEEHME LA Ticky, ¥ e%Es
W 1 MBREREE O IO, AT LT W3
(RAPEZKIF 1979, T 1994). 7z, HoTARBMIC
Tt = T Wi KBI A 256 S h ORI & 0 B8
HBVIEHETE B SREh 3 BRP2EE
WeRwoshTwsd (ZRE 1994, Bl 1999, <
O & D IERIFNRS OB T 50k, B OH
FeRed 5 WESHRONEN I W, KED S
TR BRELSONF BV TLB HWiltah b
LA - TEI, KENFBVTE, & M%)
A o b E A 2T 20 hT T
HOBETI ] ASRIFISSEME » SE3FERE O 9 s b o »
THEBEN. TORCHEEBROV LS ELTH
I EHOEES X UBROBEFESTE b (A
£ 1989), THIEELT, o TEFEDOEMSER
S NBUSTT ARG S 1 5 BRHED - L LE O 5
YT, BIHROEBII TP ATIBOWR L & T
DL ABNOH B ERHE & U THIROHEE PR
B oBcly sHELEB LTS HHES
1998)0 ¥ 7z, BER & oA E Y kiR o
Bl OB IS IR BB L, M o AR 0 B
TR OIS 2RABLENTWS (Ozasa et
al. 1995, EK5 1995), & Biz, HUEREIICORE

{LBRG AR LT 5 Bfh o 4 5 e oE v COy B5E
EOHEYMIWHENTNS (Smith 198D, Thb
OMUAE, HEEEoRLE &b, BREEED
FUHERDREERS T EEHNE LD TH S,

D& S IKEEMNS B W I3EYERN I BRI
105 475 e BOHR, BB R UERO b OB
PR >wWTE, BERORB LR ORUMRET
HY, FORHITE, KAHEICBY SHEME L
BEAR &R RRAEPEEE R BT B 5
WHESRD SN TV 5, B EOMYBE IS VT,
—UREBEHOEAL CEEEECHEENEM B 20
BRI B 1 B 0B & A E & ORI IS M % T
R 3 L L HSBETH S & LTHARRESTTLA
T&f, #D4%EIF & LT Monsi und Saeki (1953)
B, FRN OB EEERL, HEMICBY 305
BB T B E L b, YHAREOKETH 3 aHE
et SEERE AR B b OB E FA B E N L,
LOEFNME, BICEENERET S0 ET TR,
HAROFERTHZRCEH LT, HEAORIT
DPEIEGECOZIHE & AR RET 5 e
BEEoEY~ofiZby) &, HENOIERSAHL
BEBTOMNR E O HEERET 5 TRIERM]
UEMoBiE~ofiEh ) & OMEKEMRBIEOV
THSMIZ LTz, TOUIFELEE, B LAY © W%
HEiE L LT oERSN & OBMRIC DWW T QAL E
USRI R L . EYEEE R, BEE
HRT2HEBEPZOhTAFET AP OLFE
MEfE-TW5b, 20z, ko asicH
SYEEERL EOBEE R0, T8Db
BHEEMA TV, BB st oM
Fhid, HEOHEES ML, Bl bl
BHZBECHFEELRHEBILH D, LT, BL
OIEEEE L AN, BRI O—RAERE & S
i, TOREEZRABERETEIMED L L TH
FELTOE, LhL, KMBERERCBISEI0LD
ISHE &I BI B ETER I, Wb TofEEA S
W, FEERlECB Y s ENNAEEIC LY, B
R AR 0BT WA DONBIKTH B,
B o v TR OWPREERT 375 A H B3 0EN
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AL OWEEHRE LT, BHEMS T 20
CEHE 1971, 1 1979, Ak 1986, #i)Y - M 1987,
B 1990a, b) RAEEMCBT 3P GFE 1970,
Kirkman 1984, Larkun 1986, Yokohama e¢ al.
1987) SSHEINT VWA DD, HpEk sy oA
SR ORE L BIE L ORREIEYT 2 CICIE -
TWEW, &5, ThdiRlN, #3eiFEHERd
3%y SEENRE LikEEEIc Y 3
MR DIEL, vyeses (B0 1LHE 1978), v
aFyes (BT - 1LUH 1978, Murase et al. 2000)
BLUTHEs (B0 - 1L 1988) OFRBHE THE
WO h SEERERDTVICBEL W, Th
o OPIAIR TN THEERNERNES 2 WM v ELD
BERXZEMeE I bDTHD, Thicxtl, o
VEa=d—REERVTIT I Vaib—Ya v iIE
EREOEPHEENEZHET 2 DICH Y LEED
VEDELTEAONBICbLDST, HMEEC
BOTEMRHEEFVRIVELHNL SN TV L,
HEhickil (1998) BLUHonda (1999) 84 o
HEOHFEeF VI SEENOWHEERS TV B B
AR

R TE, saF) e BEOMELHEEEOM
FRICEE L, EEAEENNEEA,S, BESEM
bl ORENCHRENABMEHO LT ELE LS
2, RENEHETALEHNE LTI S L UW
HEEML /o 9, F1ETR, REAHE coBE
CEBNCORBRERICKD, BELVLVTOMFTL L
THEMEPERBCHELTRE L, B2ETE,
HE LU TOMTE LCBER, IR, EE
1, RS X UABIEE RS B 0 IRER
R Ui, CAZEBEIEOMELEFHBEEHS
PTBEEERS L, WIHTE, BHEOHEHBRR
Z2HEET ARAOBRE LCORERL, Rt 2E
SEETHRERTH 2>V, RAERMES,
SRDIEAFEAERBICET T ARBIE S 2 B L
foo X BiT, AEMGEOHANE LD SEMMEERB
KU BSEEREHNT 2 & & b, HoRARIFLE
EHSHEOBEL, #hs L URERO RS &%
BRUIEFeFVEERL, SEHOHELRS,

B1E HERIRM

¥

il

FYER W, AR s Mtkosd, £H, K
B3 EOEERRsEHKICladbEh, BRENEE
EHEOCENOET B, Lichi->T, MR % W
TBIcHE, BEOKENERTHIEEBEINT 5
BRSO TR T 2 468 S B (U
1l 1980),

FFETHE L LTV 2§ Y €0 BRELET,
BRI KRS A 2T %, L L, 20
HFERIZDWTHE, hoBELE+s Y ¥y 5 BEYES
BLRLONTVWIOHTHY, RABHE LBV TY
i S IR T & 5k E TOMM, Shiikd S EOBT
FERARMBARICERT 2 TOPMB L UHEMNN &,
REAISIRS E S REN TV B, RO & EPRkBuC
B9 2 B R, ke X oM s h B G,
TROLHEOHG LT 2 LehEie 5, B4
HDF 50 SBRMTIE, BETIES B VISR
Bh o> OREEOWIH, MEBIUBREEL BRI
B EBHLENTWS (Umezaki 1974, 1983,
1086, Prince and O’neal 1979, Ang 1984, 1985,
Nanba and Okuda 1993, Murase and Kito 1998),
DT &, BEEDOKY YT S BEMOBRESRE
b D%E L THER$ 2 7 OB FIIS AR e p 4 &
EZohb,

FETR, SELOXBEHTHE ., oF ) €2 %
R, PEEMRT MG VAR oK
AEET AL EENE LTV S, B, YL SR
REC&2HIkEC, HFHLSRABENTES
WERBIT A T S TEBHRE T, Pifkd S/NEINHG
AR CRMAES AR E s s COEBHRB T
o, BEEHROMHMEEMT 5, RARE LBV T
i, HIEHC & AR & UORA TR © O 45
Micky, BEOFEHRMTHIABN AL E L
RADERZEL, FAMHNENANEKOBEB L UE
FEFE2FEBT 5, £, ERNTOBRERICLD,
FRBATREEDIE E A LRERETH 2 E» & H
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HhETOLERR>VTIEET s & & b, BB
WM OEET > WTREY 5, &5, RIEHEEN
DRBKM & HHE~BR L, £ OROBAOEBE
LR S, FEIERD O BRI fE 2 R IR
EieH 5 EcolifieEESRc T Shic LT
Wi,

M ETE
1. BESIUVHRENS

KPP 3 A TE S &L CIRRBRETig. 6 1R
To (LR E IR I3 2RI O KE 8 mD
TR SR 75 A s I TR A B L e, A
g, BRT L TRSH0m, WH20mo
WpRT s aFyerBEREF LTV S (Fig. Do
BN BB oM 5 BRI L, Bt
BEOHFEICVT WS, 20k, SR AEORII

% DEHE W,

N
Yamaguchi
Pref.

Seto Inland
Sea

Ishikoku

12'32n E

Fig. 6. Map showing the location of the present study
area. B, sampling and studing site of the
Sargassum  macrocarpum  population  in
Fukawa Bay, Yamaguchi Prefecture, facing
the Sea of Japan. @, station for measuring
solar light intensity; N, F. U., National
Fisheries University;E==, Sargassum bed
from 5 to 10 m of depth; [ » ZEisenia
bicyclis marin forest from 0 to 5 m of depth.

COHPR TS A REAWE LT, Kl m
LBomifitl7rsx, 942, THEIRY, Eh
DgEoEcis af¥y ey, vr¥FEs, YUy
BY, Ui, N NEEREKRSE (I - K
1994), K0 H 5 5 mOWH TR 7 5 A btk
A, KEES S SI0mORIH T, 2 Y & 7 TR
RENDBH 5 eladul & L iiiE Mgk Eh T
VW5 (Fig. 8)o / 2 ¥ U & 7 BEEMIC KRB &
Levy=yEs, hv¥o3, YH¥FEs, 7o
MEET M, Fhod L ofdic o EMiksRAET 2
BT, BT, aF) 2 0RBEMBNKTH
%

o

2. EROME

2.1 AERICLDEEERE

/3 Y %o AOERNE & ROBEETE S
fedbic, 1993456 Hino19044E T HE cH 1 E, H
Tokeic & 28OS SCUBA MKick H FElEL
Fro BRBICH 72 » TR, 50cmX50emdD iM% 2 7
i, s oY e PEMNEREL, BRICEES 50
AT RTHMOE 7, /2 F Y EHEICS>VTER
MR T o THICHREL o,

PRI U Fo ik A K RS o I R I SR SR 9 1 &
B KRR S e, B A TO 1,
WK TRIE Lo 2 3 ¥ ) ® 2 ORBIE T A
R LOEHMEL, BREMYEE T LML
potk, BiFE9 A (B0 - LM 1978, Yoshida 1983,
Murase and Kito 1998), €D lctd, KIMM D F
SH I T OREIEKIC I, BHERHIH LML
RN AR VE E, Rl oMV
BT B AWIYETE, WAL L /21093426 A0
M S CERRE S R RIRIC 5 0T, AR RS R & T
LicBuEkes MoofEdk ] & L ok Rasid
BHHNEVE~WemDESOHFVILE MISHELH
ELT 22X LT TFONMEEITE » o RIS
ARG R BEEERA, [TEB O TR
SibEVERHOENE Toks (Etotal length),
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Fig. 7. A Sargassum macrocarpum population at the depth of 8 m off Kiwado, Yamaguchi Prefecture.

i

Eoms (EKfstem length), HHEHRHBELTED N AW R A, Wk & Lie (Fig, 9o WF
HTMIcBY 2HE (E¥stemn diameter) BLUH BHRIK TR Lt > 70 80°C T LGB RS L,
HHOME (height of holdfast) ZMWE L1 (Fig. LTk i,

8o Wi, ERicovTE, EoWESHHOBEI

BERSEREAHNL, 20oREME LTkbl, & 2.2 SKRAFFERICK BEKER

o, MOV TE, LEh ST CE 0.5

mmBEOVFEER L, £OMNEHRNT IR S AT B L, B oA 2B

e
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TL

/V‘ SIS,
/| HH

e

SD
juvenile thallus adult thallus
Fig. 8. Schematic diagrammatic illustration of juvenile and adult Sergassum macrocarpum showing measuring

portions of the thatlus. LL, the maximum leaf length ; LW, the maximum leaf width ; SD, stem diameter ;
SL, stem length ; I'L, total length ; HH, height of holdfast.
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s

Fig. 9, Growth rings (#) found in the holdfast of Sargassum mucrocarpum. a, a length from the center of the
base to the outermost growth ring ; b, a length from the center of the base to the surface of holdfast.
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Fig. 10, Large tank culture system for growing
Sargussum macrocarpum. L, metal halide
lamp ; ¥, filtration tank, C, culture tank.
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Fig. 11. Growing site of juvenile Sergassum macrocarpum
transplantated from tank culire to the flat
rock bed at the depth of 8 m off Kiwado,
Yeamaguchi Prefecture, in July 1997.
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Fig. 12, Monthly changes of seawater temperture (a)
and specific gravity (b) at the survey area
in Fukawa Bay. @, surface ; A , bottom.

Each datum was averaged for 6 years from
1998 to 1999.
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Fig. 13. Growth of Sargassum macrocarpum germlings under 50uE m?** at 15 °C at the start (a), after Sdays

(b), 10 days (¢) and 20 days (d) of culture.

HROPIEER & RRE O£ Fig. 181K T, ¥
gD & (B L 2o id, MM & UF100 E m*
TR0 CHE L UBCTH - foDicx L, LR
12.5% k0995 uE m*s' TREISCH L UF20CTH -
too iz, OBIAEIROME T OERT, JoREE
5045 & U100 2 E ms ' CIERIE20°CH L T25C, 25 uE
mis" 15 C~25C, 045 &LU12.50E m?s"TRI5T
BLUWTTENENL (LI Blhol &bo,
RO EIE RS wTE, AR AR ERISTC
~25°CT, T ORIETINT @R EE 1 LR OR
BIREEASE A AR T & & bz, LUK 0 uE
misc BT E—NHBRIELEE T 5 MY o,

2.2.1 BRKETOHERDER

BN ORI IR B 1 2RI S ghikic

T g/, ToMOLREEROLYMEERg. 18,

R, BORIERD & CHEH oA AR, 19
e BRI S 3R ARGE L 2199T4E T Bt IE R
2~ 4 mmOPIRTHIZTEARESRETHEELL
J a¥ ) ey REER (Fig. 17a) 2HE I LBROH
ABHCIEA L, HEERERE L RilRoKiRO
EE, BHELA T B EE24.6°C, 8 ABKbEL
25.7°C%RL, £ORIETFL, BED 1 H107CE
RHEWEETR L, Fig., 18B8&U, Fig. 19RL
Fodi S AKEAMET L1203, HFEOER PP
B LR Imm, bR EHDITES Tom, TR
0.9mm, 5.2 TH -1 (Fig, 170) #5, EHE
13 & A EIMESTRE5cmTH » oo £ ORI
HEEASHEBELSV OO, EHEML, £ 14#%
D19984F 7 A i@ 27 Ocm, %F1.9mm (Fig. 18),
$E1%6.9cm, IEIE1.6em, WIS (Fig. 19) Th-
k (Fig. 17Te)e O, TG K D9 R LIGY,
SELERMSLOUIML A, EREMREBEAL
e, G ETL 7.



148 *

Length of primary leaf (mm)

Culture periods

(days)

Fig. 14, Length of primary leaf of Sargassum macrocarpum germlings in culiure at different temperatures and
) light intensities. Each datum was averaged for 20 individuals. Symbols @, O, A, A, and B denoted
light intensity 0, 12.5, 25, 50, and 100 #E m™s", respectively.
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Fig. 15. Length of rhizoid of Sargassum macrocarpum germlings in culture at different temperatures and light
intensities. Each datum was averaged for 20 individuals, Symbols @, O, A, A, and Bl denoted light
intensity 0, 12.5, 25, 50, and 100#E m™’, respectively.
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Fig. 16, Length of primary leaf and rhizoid of
Sargassum macrocarpum  germlings  at
different temperatures and light intensities
for 5 days in culture. Each datum was
averaged for 20 individuals. Symbols @, O,
A, A, and B denoted light intensity 0, 12.5,
25, 60, and 1004E m®s’", respectively.
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Fig. 17. Growth of Sargassum macrocarpum germlings in the tank culture at the start of culture in July (a),
December 1997 (b), July (), December 1998 (d) and July 1999 (e).
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Fig. 18, Seasonal changes of total length (a) and stem
diameter (b) of Sargassum macrocarpum in
the tank culture system. Vertical vars
indicate S. D.
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Fig. 19, Seasonal changes of the maximum leaf
length (a) and leaf width (), and number
of leaves (¢) of Sargassum macrocarpum in
the tank culture. Vertical vars indicate S. D.
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Tig. 20. Growth of Sargassum macrocarpum transplantated from tank cultre to the flat rock at the depth of
8 m off Kiwado, Yamaguchi Prefecture, in July 1897 (a), November 1997 (b) and December 1998 (c).
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Fig. 21, Seasonal changes of total length (a), stem
diameter (b) and the maximum leaf length (¢)
of Sargassum macrocarpum transplantated
from tank culire to the depth of 8 m off
Kiwado, Yamaguchi Prefecture, Vertical
vars indicate S, D,
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Fig. 22. Seasonal changes in total length (a) and stem diameter (b) of seven tagged thalli in permanent quadrat
of the Sargassum macrocarpum population. 1-7, sample number of tagging.
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Fig. 23. Monthly changes in length (a), dry weight
(b) and number of main branches (¢) per
adult Sargassum macrocarpum. @and 93MB,
main branches sprouted in 1993 ; & and
92MB, old branches sprouted in 1992 ; € and
94MB, new branches sprouted in 1994 ; O,
total number of main branches ; 4 , first
observation of receptacles ; £ , release of
eggs. Vertical bars indicate S.D.
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Table 1. Monthly relative changes of mature individuals bearing receptacles from June 1993 to July 1994. Each
datum was calculated in each group of thalli with various number of growth ring.

Number of growth ring

1 2 3 4 5 6 7 or more
June 1993 0.0(7)* 16.7(6) 90.94) 100.0(2) 100.0(1) - -
July 0.0(2) 0.0(3) 25.0(8) 42.9(7) 100.0(3) 100.0(1)
Aug. - 0.0(5) 0.0(6) 0.0(5) 0. 0(1) 0.0(1)
Sept. 0.0(2) 0.0(8) 0.041 0.0(4) 0. 0(3) 0.0t -
Oct. 0.04) 0.0(5) 0.0(5) 0.0(4) 0.0(2) 0 0(3) -
Nov. - - 0.0(6) 0.0(4) 0.0(3) 0(5) 0.0(1)
Dec. - - 0.0(6) 0.0(4) 0.07) 0 0(3) -
Jan. 1994 0.0{2) 0.0(2) 0.0(1) 0.0(6) 0.0(3) 0.0(4) 0.0(3)
Feb. 0.0(6) - 0.0(5) 0.0(4) 0.0(2) 0(8) 0.0(1)
Mar. 0.0(1) - 0.0(6) 20.0(5) 33.3(3) 50 0 6) 50.0(2)
Apr. 0.0(3) 0.0(4) 40.0(5) 100.0(2) 80.040) 50.0(2) 100.0(3)
May 0.0(5) - 33.3(8) 80.0(5) 100.0(5) 100.0(5) 100.0(2)
June 0.0(4) 0.02) 50.0(4) 0.0(1) 50.0(4) 60.000) 100.0(3)
July 0.0(1) 0.0(6) 0.0(9) 20.0(5) 100.0(2) 100.0(2) -

"Number of thalli collected in two quadrats
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Fig. 26, Monthly change in standing crop of Sargassum
macrocarpum. Each datum was averaged in
two quadrats.

B o (o>} ~
T

LA

w
T

no\ﬁo||axx|s|tn:v1
JJASONDJI FMAMI I
1993 1994
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Fig. 28. Monthly change in population density of
Sargassum macrocarpum. Each datum was
averaged in two quadrats,
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Fig. 29, Changes in population density of total thalli
(@,a), juvenile thalli (A,a) and adult thalli
(B ,b) of Sargassum macrocarpum in the
permanent quadrat from June 1993 to
October 1998,
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Fig. 30. Changes in productive structure diagrams of
the Sargassum macrocarpum population. L,
relative light intensity in each stratum (@);
F, dry weight of leaves; C, dry weight of
stems, main branches, vesicles and recepta-
cles ; H, height of population ; [FFEH . dry
weight of receptacles.

BB/ aF ) s WEOLBEMELFig. 30, B
FI I3 B RIS DR e o B g L%
Fig. 8LiciRd, BELEMSEOEERERE, Ko
FRNCRANRE & Lol Rofiicibtamks
BéLTOEUADHEOREREMHD LTS,
BBV TRER2EKIE 2 o7 7 L EEEL,
KBRETE S 1o, HHIOEARBE B &L 0Exs
RBED2DICRFBIEMBTERY, /aF¥ ey
DHERDRIZ BIALT & DRARITHIC > VW TIEE 3
BTHLLHLTVWARL AT, LABEHEERZ D
hOMAIENTRLEL 0D, T, BREOERE
LT 2 HF D SHEEBERT A NA LR T 2 EE



W 2 Y e o QU 163

100
80 |
601
40 +
20T

JJASOND J
1993 1

Relative light intensity (%)

FMA M
994

Fig. 31, Seasonal change in relative light intensity on
the floor to the top of the Sargassum
macrocarpum population.
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Fig. 32. Monthly changes in a/b ratio, where a
indicates a length from the center of the
base to the outermost growth ring, and b
represents a length from the center of the
base to the surface of holdfast. Veatical
bars indicate 95% confidence limits.
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Fig. 33. Relationships between number of growth ring and different four parts of Sargassum macrocarpum
thallus. TL, total length; HH, height of holdfast ; SD, stem diameter : SL, stem length. Samples
were collected in October to December 1993, and October 1995. n=120.

Table 2. Total length, stem length, stem diameter and height of holdfast in each group of thalli with various
numbers of growth ring. Values show the means = 95% confidence limits.

Number

of ne= Total length Stemn length diasx::‘zer P}Ix(zlg(i}};si{
growth (em) (mm)

ring (mm) (mm)
0 1 7.0 3.4 1.5 3.2

1 7 10,14 3.1 541 1.3 2.5:£0.6 3.6£0.9
2 16 43,3119 158 4.0 37404 85+1.8
3 29 62.1 7.9 23.14 3.0 48403 12.1%1.3
4 17 75.9% 8.0 33.74k 3.9 6.14+0.4 17434
5 13 88.7:10.3 34.2+ 4.3 7.8:+1.2 16,0428
6 18 80.3+ 88 42,4+ 3.2 10.9+1.1 18.3%1.3
7 14 70,6 5.4 45.8% 4.7 12.241.3 224%40
8 4 700+ 7.0 53.71414,6 15.6+0.8 247+54

b, HOEHICHNEROBTEEHL LTHBELT te (Fig. 34),
WBEEZI,

5T, AERE (2) EER (v) LoBFE, kR y = 34.02/(1-18.62¢ 7034972y (42 = 0.987)
DEIIEBTRF 4 v VW TEYMSE R T EMBTE
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Fig. 34. Relationship between number of growth ring
and stem diameter. The solid line shows the
fitted Logistic curve calculated from the
data of stem diameter in Table 2. Vertical
bars indicate 95% confidence limits.
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Table 3. Stem diameter of seven tagged thalli in permanent quadrat in November 1994 and 1995. Each number

of thallus is same in Fig.22. Ages were calculated by using Logistics curve in Fig.34.

N Stem diameter (mm) Estimation of age Difference
% Novi994  Nov.1985  Nov.1884(a) Nov.19%s(b) (b) - (2)
1 9.4 11.6° 5.6 8.5 0.9
2 8.4° 10.8° 5.2 6.2 1.0
3 4.7 6.0° 3.1 40 0.8
4 4.0 5.1° 2.6 3.4 0.8
5 2.8 4.0 1.5 2.6 1.1
6 2.5 3.4 1.1 2.2 1.1
7 1.8 2.7 0.1 14 1.2

Mean 0.99

95% confidence limit 0.15

*Matured thalli
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Fig. 35. Yearly changes in age composition of the Sargassum macrocarpum population from 1993 to 1998,
Shaded portions show the loss by the next year. Ages of thalli were calculated from the Logistic curve
in Fig. 34.
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Fig. 36. Analysis of distributional patterns of the
Sargassum macrocarpum population in October
1993. a, dispersion map of individuals in the
permanent quadrat; b, I -quadrat size
relationships for juvenile thalli lesser than
two years old, adult thalli more than three
years old, and total thalli; c, R’s (intraspecific
association) between juvenile thalli and adult
thalli,

4. SHEE

19934EH 5 1998EDOFKZ I B 1F B RIE DX A K H
D/ aX¥y s BEONRE, LEBLUR %
Fig. 367 5Fig. ALK ZAENFRT, MR 0 o
ik, 1~ 2hoNUEEE XU 3 B Lo KRB HHE
R, SRR ER 0~ 2Bomikeanichg
AR, 3 ML LOABINAIE X ULERTICSY
TRtz SO R s I3 0~ 2 I & 3 #BL
LE BRI >WTRD 1z, 199341081, 0~2
ONBATHE I [l 1 Lo k&, BhaHER
L, REDBPPHEF LTV SHELEOKEME
B s n 1l Ko/hal, B—-aERL. RER

November 1994

a :AAA— o Mg :A
fem e £t Age
[
o A ) ° 4o
s apgt 10 12
w0 ® 89 g a
8o l. o R -
° o ‘: other sp.
:AB A had AQ
4
3t b Age
2 - 0-2
- k™
i -~ total
0.5
c
® 0

~0.5 L n : i i L i
S Q M ) W S N
4 F

¥ o L ™ R

NS
Quadrat size {cmXcm)

Fig. 37. Analysis of distributional patterns of the
Sargassum macrocarpum population in
November 1994, a, dispersion map of indi-
viduals in the permanent quadrat; b, Is-
quadrat size relationships for juvenile thalli
lesser than two years old, adult thalli more
than three years old, and total thalli; ¢
R’s (intraspecific association) between juve-
nile thalli and adult thalli.
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Fig. 38. Analysis of distributional patterns of the
Sargassum  macrocarpum population  in
November 1995, a, dispersion map of indi-
viduals in the permanent quadrat ; b, Is-
quadrat size relationships for juvenile thalli
lesser than two years old, adult thalli more
than three years old, and total thalli; ¢,
R’s (intraspecific association) between juve-
nile thalli and adult thalli,
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Fig. 33, Analysis of distributional patterns of the
Sargassum macrocarpum population in
September 1996. a, dispersion map of indi-
viduals in the permanent quadrat ; b, Is-
quadrat size relationships for juvenile thalli
lesser than two years old, adult thalli more
than three years old, and total thalli ; ¢,
R'a (intraspecific  association) between
juvenile thalli and adult thalli.
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Fig. 40, Analysis of distributional patterns of the
Sargassum  macrocarpum  population in
November 1997, a, dispersion map of indi-
viduals in the permanent quadrat ; b, -
quadrat size relationships for juvenile thalli
lesser than two years old, adult thalli more
than three years old, and total thalli; c,
R’s (intraspecific association) between juve-
nile thalli and adult thalli.
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Fig. 41. Analysis of distributional patterns of the
Sargassum macrocarpum population in
October 1998, a, dispersion map of individuals
in the permanent quadrat ; b, I -quadrat
size relationships for juvenile thalli lesser
than two years old, adult thalli more than
three years old, and total thalli ; ¢, R's
(intraspecific association) between juvenile
thalli and adult thalli.
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Fig. 42. Schematic diagram of the regeneration process in Sargassum macrocarpum population, and changes
in the time elapsed, the population density and the distributional pattern.

BHORBBMAPHIERRT 5 &, BHERBIcE »
ThHERE N (Fv v ) 19968113, KREIB
HOBESIOEAM L TFIRETET LI LIt Y
20X 40em® Ll LOHBRIKE L F v » THERS L1,
=77, 199585  hoHT I, BBk O KBS s
HEFE T2 Lickd, 10X10% & U920 X 20em® 2
BEONSIEF y o 7O KE NI, Fv v THERS
NTHOR 1 ERE, HiEomARNE{, BERO
AR LIIL, oEoMRER S vy an
HER L, 20K, BHEA~NOHEOMA R BD
T 5K T, SEOFEERESHLL, BEBERE
WD Ui BAELAEERMNERB XUESLER
HEETHEL, FEEHOBMNTHEEEEVIEL,
FEFIR 2T, KB~ EAER U (BB,
Fo v TR S 3EL LBBT B LHEKBEE oD
HIELMICI Y, FCIWMLU LORBIBAEHBLET B
BEMERS NI, & ORBBARIRM SR T,
RS B L KD SR 0RO FE, HhE

BLUBHEE T LEHNPTROEL, BEEZLEN
RHERF L T ice Fho, £ SEBICH U TIKE
BERE N, COMOBKOLEMESA 5 L,
BHEAEBBT 5> THRBEEICED U, BEK
MO AL LED10%S L BEALTIRET
BT Ui, 20k, BERBOKBEGO/ETS,
RS/ NEBMAHBHAM TR E B C BB A T L,
YA OIMASE LB & i, £, HhPiR
& D ARIBHES IR e T B 70, HEEEN Y S
PR Ll T OB ORISR IER S ER
L7z (R8dE), SOk, /aF)esBHEo0E
BB E LT v » 7, BEME B 3> oM
B b I EMNTE, T, EHHE10934E &
19974, SN 1944 £ 19984ET, ThEh &
CPFHEERLTOB I EDS, /aF ) 27 BK
OFEHFOIML, 4~5FETHB T LMFRENI,

FEOES B vy TEHE, Fig. 298 LUBT
Rl i, REBEOBEMSIOHEM L TICE



B/ o XY T OLEEENPI 171

FLAB&EED SN, BREZTR20X40em L
DORERF v o 7B EN, F+v v TEHFSHEEE
hTwic, chicdl, Fig. 3B8THabRB LD,
19054 2 b R4B4E, FMIAORBIBADRETER K L,
WO ESHRMAT s &nh s, 1~ 2 ik
OXRBIMAOHEREIc LD, 10X108 & T20X20
e BBEONERF v o THEREN I LILEEF vy
FTHEFOEBICRT » T

% B

KETE, /a¥F)esEEoMEcovT, BE
& LT OMERARIC R 2 EME L INEYT 5
LEbic, BEOEHARENE ST AT EEEHN
& Lo BRI ED PRAFERNTOREIZ LB
BERE S, TERNEHIES UCoERERS, Sl
W AEREYT BT Lo & AEMINE, B X UKENT
e LTosEtic-ount, BHiMd 5 W IdERE
BT Lo

J oY ey QBRI BB LR SREERE
56 ALlGREBIcEL L, SHIRENE L »7, 4
Ao 5 Blehd T, FillicEgspEdssdd
w, HEASEBL, BEO LTk, ThEWE,
R OHEPEOBMNS SN B VEOD, HFHHIK
DOEEHIEE , BERIIEPhHNgT 2/, §
Hici31155.7g d.owt.m* &K ER Ui, 0 <1l
B O(1978) &, FMESHHBO , aF) € 7 BEOR
TR OB 4 B127074.6g dwt.m? 2R LT &
B L. ARIREFM L LDBENED , o F
)&y PEOBEROBAMEE, B0zt
TR/ B&, DRDEVETS -, BERISEKRE
135 MO MRS, ENBOREOE S BHEE
DFNICHRTHIBEE -1, UL, BB
BEOHsE, BRBTOERIENTHL 2, &5
2, BIBoABOEEKE, BEETOEhEN
TN/ 5TH o1, LichioT, BB ELBHED
aF Y Ty BROHEROKELER, ThTho@E
TOREMED A4 XBRLB1HDTHD, TOEHR
BREMERENTOARENHHT8m, RETL

~6mERB BT ERERTREELOND,

FHETIRERNEORTRIT > Kb b, Bz
o1 B T & 12 KpTAS I HIEAFIRE S i 0 3
B &1 BIEHARE L. ABSELMHOEHLE
LoWTOHE IR v THOBETEL, 75 ATE,
EE MG 1979), b NIBEOEY (B0
U 1984), EE G| - BH 1984a), # ¥ X TW,
EE (5 1968), BEX(ER)* (FkH 197D, %
B O - S 1984b) HEMHiEShTVW, ¥,
TIABLON VA TRETHCBRE NS EERE
EWRTH S EHBHMID SR TS (BRE 1977, 8
A+ BH 19848, blo —H, &35V SHTRER
ORI H T 2P EBDTHRL, vrFES
OEBICERINSEERBERTH 5 T LPBRE
STV BIBEY (Yoshida 1960). ABIETI,
AEHESAGIRD , o XY EFEH>VWT D, FERO
RIS SN 5 EERPIECEREN S T L2,
W, HBWRPERTHBEIEEHL ML, LL,
HEOMBL2BENCINT 5 cbitiR, BENTE
B AMAOMSBETINIL, AERERA BT LN
YTV & D, BB TEBCHETE 3L L
WHEARUHL, SERHEOHEMBERERRT 2L
Bhih o to, *OFE, BRI, SRWKEOMERE
O YRF 4y JHRTEDT LB TE, KFTHY
FZTHEBCHETE A LA OHEYRERBE TS
BLARTIENTER, Lich-T, KK TH,
ERD SEMEMET L, ERNELSBE O &
BEEMICRET A T &M TET,

KRB R OEBREORERILEA B L, &I
ok B REBSARACEE LERME R
SHTHEEELELTEHE0 2 2IRF T 5 ENT
%72, Kain (1971, 1977 @z v 78O Laminaria
hyperborea BRICBWTERMGEMTL, £87
2T ORISR X » THEBMESRIT S T L 2H
i, THbE, FHTHEENRT 25808 K
ki, BEHBCHRSNVERDENKEL, &F
BB A REELAREANIC L B, —~T, HEHLO
WMOE TR, FERRERSERRTHREhs 6D
O, ERHOEHIEEIINS, BENE(E3EoN0



172 o

TEEBMREC DT 2 HEE R, ARETRE
—HEEENCb B LTWEDT, saF¥yE
IHEECBY IERMEOBVE, B0 REOR
HBRHEOBVWEVS ki, ©LAREKBTCOE
NBIEHA S L KRN OFE, EE, BEoiEIY
FHe, ThoBAMOMEERCLsb0EEL N
B

Ja¥) s PHEOEEIE, KWEARE S 5 A1
B PMRE LT X ORBERE L, TOBHIcH
ZREORESOF v v YPEREhE I LicL
BT BHLEERZLNG, 199580 LI, HEEEOKX
RIFADFETERE L T T& 7220 X 40cm?® Bl E O gty
REBHEWOF v » 7Tk, ZROPESBIMAT 3,
LizhiaT, ¥+ v 7HTORERSEKO MBI S
VY LGTRERT . TOH, ¥r o TRTRYEKMT
HED CBHAFSIC X VBESRIEL, —H TEE
LBkl s vyawsafml, MBEBiEsigsy
TEEL, H2ELTCARBERANLERET S, C
OHZBHEOEFBEORTMICEL L, HESK
DOHWMBEF v v THERBRIRS V5286 ERL
Too 199BEED & S, RERATHE ST 2HETE,
TE O, MELIURELSE 1ERNTEER
DIOFVEL, HEILENCHRST B, LhL,
COWETS, 1 ~MEEoXBNESEETERLE L, 10
X108 & 20X 0em RIEO B /NS SRS S5
FHIERENE, TONF v o TRTEYESE
KIMAL, ToOfE, SHE cOBESEo SRS
BIRPAHERT I EMEL NG, FOflicd, B
BRHOEROLT 1 ¥em & EDOMIGFSERE &
HERT X D SIRPIARIC & » TEHE LS VIR & 135
LEEWERTcAdhhchicy, IAFERE S KBSk %
s & U THIRALH L34 2 Rl A5 lhak il v 72
H, SEESEDAIHERTEEL SN S,
RS OEFREEHEMEOH, SWHE Mt L
BRI D WTIE, Maegawa and Kida (1991) #8
BEHo v TRICRT AN O AORETERL TV S
RIEB G, YA BBEOSEHEE B O EHRE
WL L, v v 7HTRSEDSHE, BRETR
7 v L0, BRETERIANTS S EREL

#

foo BWRTR, /¥y o BEOBFARE N Y
APHEFERIC S >OMICAT BT EMWTERLY, E
PR ORI 2R VA B LRI Y,
Foy THLSEBBEMCHT TR Y v A5, B
HTREPHH LTV, 7 2F ) &7 OBETHIE,
YA L ERRIC KB R ORBER KIS £ v v
TOREIPEE D, UL, ¥+ v 7OKESEH
HTHEY, WETE ~TEE GO BBk O R TE
WRILE B 1 m T offich s 0L, BETE
B~EA BRI LS B~ m o h s b ok & STH
Hicd s B 1999, £/, » UARETRIKTMN
AD sweep B, THbDL, HREETRENED
TEIREBHIK & (BN, ThDBEEEERITEMNE, £ 2
YL PR SRR EBE I EBELLNE, Lido
T, A Y ABEEORBAATIR IR KDL THD
b, BESESRUNNERT, —F, s o¥ Y=
sREEFBLTR, KEEEsGcLpEZLTY
BT &,5, sweep RIS X AR OFHEE L L,
BRBETERE L e kD WS atke LtEhams
by

T S LN O R E S m D /
Y B PETE, EHIEI19934F & 19976, 4
WG H19944E L 1998 T, Fheh & (P iE%
RLTWBIEDS, BHOABEA~ETHZ
EBEZONDB, BB LIh VA BETE, HFOH
BE 3ETH -2 (Maegawa and Kida 1991), B
BHEHORBE oF V2o BEOFNH U A BE X
DH1~28EEV, Thid, BKEME/ aF) e
THIOEE, AV ATE5HE (Maegawa et al. 1988)
&, JIAFVEIDHBREVEDTHBEEL ONS,
AEHEOEFBRCHEFEME L DA 229
i3, SRbhlasETHERIMT A L & bic,
HFHIPIKEES L AR B W C M 5 48
HBo

Plhocehs, 7a¥F)esBRoEHicE0T,
Fo o THLOEBHHEDITE, Fvov PHTER
BB o b O Gk ORAEIS S, REMicBL T,
WAL 5 KB AR O R OBE R B L U/h
F v o TRTEYHAD NI OB T O R  8



B 0¥ Y E s OEIEFNTIN 173

B obhie THbE, saF)esEETE, HEH
&0 &5 RBERENRERTHEXED C B HERA
BEMRIEC s TWA I EMWRBE NS,
AETE, /¥ 2 BEORER, KFEHIE
EREOBTINDG L URENLITCL D BEERO
RESIEETS, WACEFAREENT 5 X0 ER
WBERONREIEE, LD C2MABRTHE L
PURM AN, BT, BITW TR, HENONEHE
WHE LT, BEoRIEREE S ko £ FRA
A DR ERD B It kDS I T B,
iz, /¥y s BEOHENTRMEBEETLV
RS L, EEEEESHALSEELTY
<o

BI3E HELER

22

il

HRER ORI T—REER TS DR, EMEED
BWEIE Bz 2 NF—F bbb REIEE & TEARK
S ORI LR UERT B, £ LT, EYMKEES
EkoOMBECHBEshS, Ld-T, HihoM
ROEFRR- PSS OREE RS LR
OHEENERSMET BT LR, EBRILE > TKE
RERES > TV,

B R O—REER AR T B HE L L TR,
BECARMBIC - ¥ E 7~ (Monsi und
Saeki 1953), H#EEH: (Kira and Shidei 1967,
KEEMLRE Murata et al. 1968) B EHH 3,
BEREE, IWHiES VRS FPEE T A,
BEROBMNEILERNT 5 T Ltk » THDEE
ohERERY, chicisuTidEREENT 2
FHikTd b, KBIEMEAIEE, BHET 7 Y MREE
THAYL T AR ORMER 2 HH BB L, MRk
L O BACHEBEZ OBEXARENET B HETH 5,
Monsi und Saeki (1953) o & b BHFE X n 7o BEPEE
BRI, EEDDE DB L > THENOEDE
RLEY IS S & 7 hicxHiG U e BRE M o 6o &

Sz L, & SIREEORAR IR EMAADYE
BLEWREST, BELAROEEREHL SOTH S,
TOEFNG, BICEEREHET S DT TRL,
SRR IC B AR S TR L OB BRARL
TWa, THbL, HAROEERTH 2HEHL
T, BERONXSTHHPEERTOZMEE LEAKE
trmsEd s TEA] GRfosy~ofigEhid) &,
HERNOERNHHBEF TOWLEREROHHER
45 [RIEA) (EhoBs~ofahrd) LOH
FARERGRIC>WTIHS M LTV B,

W BT B REELRAEER G, ARV T
W5 o v THBN, RS LTIRRE
WHTH B, W75 v N OEERENEST ZH
e LT, B, BOSBERENLS (FHE
1978) Choid, W2y, e BRES
HBBTFTA vhax— LMk, Oxrr'Co
D AP IFRIFE TN, RERERD BT
HETHb, COLIBHERLIBZEHTS VI b O
HEERHC T AR, ROt oXRBEoEE &
bicEd SN TE A (Ryther 1969, B 1973), ¥
1z, WhONEAREEERIC Lce Frdbick 3
—REEROHEELTREHLATVS (Platt et al.
1977)

—5, REGSOLERIC>WTIE, BAERE
2, HAMECE oRRBoEERPRAES L OR
AR LTRODFENS 3, COXSRFEEa v
IO Laminaric BOWH#HTHW SR (Mann
197 &7, TIABLIUN Y 2T, ERLIH
thin SETE B & OBE Lo AT~ ToR{te
BERrokEREHL, LA (FHH 1970,
Yokohama 1987), —7F, +®v ¥ 7 SEOBEHTH,
Yywse oW, Jo¥VEsBHEBLUTAES
OIS ORLh SHFERERERYD, Thi
HepEl e LTEH LA (B0 - il 1978, #0 -1l
B O1988) T &SI, KEGHMEE T, oLk
ERSREROFMCE SO CERERMEHEN D
BEBNRLALTHY, BLEYEECIL~2E, £
ORMFERT PR LEDT, BHTHEVON
HIRTH B, S5z, KBENCBY 3EERELA



174 #t

B — EBAGR SR AER h b = F ML L THEE T 2
PFEticoWCld, Jackson (1987) #8¥ 44 7 v b4
N7 Macrocystis pyrifera G, Kili (1998) &k
U Honda (1999) #H P ATEHL TV BB ER
W TDHBAH I AHRICEBT 2%, Monsi und
Saeki (1953) OWHNARMR K SV DT,
REGRIC B 2B TORSE e F b L ®
DEMIFEND 2 VIHEERNEEEHO M T 5125
OMEBE I PLIEE > HIRBELL, TOHFOH
KB LT TH R OENTVAEHE LT,
KRIEUHIHEEE TIHRIRENC & » T OER A K
&G B0, BENICB BB E ERE I
ETHIEVHERCRETHE LSBT LN, &
7, WP TOMEREREL BETHBE B, Tk
2, BEICHESARARE H20WEEL CHEELES
BERTAEEIE, ava—s—%H0val
Vg YISERTH B,

JaFY ey BEOTERIcoWTIL, KBNS
FLFv v THERENE E, 2B ORI
Heal s, TOBBRF+v» 7EETHY, %
OEF LR T 2RAROERE LTI THE &%
WRETRB LI, b5, Fvv 7RIIKEIICH
e BYkHEL, BERNTHREEKRT 2 KBIME K
Fh L OMES/NUMAE OBTONRE B & BB
GiB B, d7z, HEERBOME DEVHBEDOTT,
AR S AL 2R3 e dicid, B0 &
BANABERCBOTHEALOXMEE S 2
BEBEB B, DX IR, S Maegawa el al.
(1987, 1988) i, 73 4 &4 ¥ X OYED HHFHEN
BMEEWHSMICL, ZToEISHBOFEAFOE L
KoWTH ST Lz,

KETWE, £F, 7 a¥yesowRBREES UK
20T, HEEROBEEARE & OIS »
51 HH A OFfREEIEET 3, iz, ko4t
HY WK OB SR L, HEEtEme
EBL, SABEET 3D ORRBELH S H»
295, /aF) e 3RIAICLDEYT B0, B
LR OISR RS C L ERETH S A L
oo £LT, /a¥yesHEoEMMERERB LU

i

1 H& 20 OERERIC>WTE, BN b B D ki
K B0 AN, SHTEREREHEL, ©
O RicBEREEBVTRD 2, £/, Monsi
und Saeki (1953) OB ICARBME , o F Y £
B L, BiHRoBEL, WKk LUBEELL
BRI, KA EB L UFERE NS 2 -5 - & LT,
HED 1 Qb OMAEEREEET 3 b O e
FVEERT 30 TOEF AP OHES N A4 ER
BRI X AR E AL, KEFALOH
Bl > WTkRET 5,

M & TR
1. HEAXREORE

J aF T s BHEREONSHONES, FHEhS
THHLUNEENBOKGE S m (Fig, 6) OXMEHE
P (Fig.48a) TI9984E 5 H2TEc R a htze &9
BEARE ImX 1 mOAEREBEL, BRRNOMED
friE s K UREENE Lokd s — BB Ui, Wi,
BRI ONNEEWH S hcT 210, RiTFt v
#— (LI-COR LI-1928) % i\ THEpS% 20cm I
DAy yaltXUD, 2y v OREOHBHICHL
THE LI, Fh, /aF )28k EE T 2BA
KEEW o MICT BT, 19984 Hr b6 A
PUT, BIFLTLS 1EERMO (Fig. 21) £&10
emBlF, BEE3mmElT, R4~ 8 KDE99MIE
DA (Fig.43b) o> WTAE T 5 BT oM %
HWEL e WENOEASEMI, MEwBE Lk
ft-Fe v~ (8 LI-190) kb, Wl Loxmy
ZME L foo BEKSS L UHH L TOMEBIR <~
ViharEa—4 (IBM 880E) <1 #EII0E®
HR TR E hi,

Monsi und Saeki (1953) OB AR % H
WTHEENEES 254, ERoBRRREBEYR
NGRA—§—DULEDTHbB, /IF¥Y 7 HEOL
BOBABHAERD I3, HENONLRE O FEE S
HOWE LI O 2175 BESH 5, RPET
i3, 199441 H, 3H, 1998 1 kv 2 Fic, /



e o) g OEBENPI 175

a F Y & o PEMIC50cm X 50em D HIEHEE B L,
TS LRI A & 20cm M B BN Ll = v 0 — &
WTHIE U feo SR e EER, L o e & il
EL, FOMERENOMENE E bict—y F D
v Ea—47 1 BEICI0B O e L oo LM
DORER, HBANOMEKE ST, B2 WTi
U F SRR 0 B b e & 0 A PERERI A TERL U 720

1, HIKOBOGHRECERD B2, 19934E6 H
HHI9984E 5 Hic i CHEH, WfiElicks v, B
BT, KE#0.5ms & O7kEE L mEIEC Ik 1 mig i
B T A NE Lo Mo, #ifbo
FME AR L, FOMENSRSoNEME &b
#— 4% a#— (LI-COR LI-1000) itk #.

BELOLBEDRE

AT i B AR I o LT, T v -
BLUF—F o —-EH0T, 19974 1 A 519984
6 F i i T OBER P SEIREE O MIRE & H Ui,

CIR TR & BKEEAHR (Fig. 6, N.F.UD @
o R LTl L CIE L2, CoBite, Wik
& RN A SRR I J42km B T v B, LR
HIOABETIEL, F— 9o — ikl /o

FHERE L UIFFRRAIE

3.1 HEOXERE L UFRINE

7 aF ey PUEDREHE L CITFBHER >0 T
i3, RUE OB, DB AL, 199845 A
KHEM L e MEoKE, RBHELTH L LERBO
(Fig. 21) 2E10cmPF, &3 mmBlF, HEH4
~ 8wtk (Fig. 43b) TH 5, T OYUREFHER
o THEICREL, WKEM L -5 —F v 7y
ZI AN, B I KBEASROK B IR A
1o FEBRCMBHIT 2RO, ALY HMLY
bOERY, FHH STEOIIREUIN L. & DYINT

DUSOME R B fosbic, TEA T IS g
L7z (Sakanishi et al. 1988),

FRE & IR I AR B s h ik
SeMEREH (uy o b i—-p—, Fig. 40 %M
Wi (S 1986, HEEE - BN 1988 ). T DI O
KA (Fig. 44, w) wiliZk &BBAA » fo RUGE#
(B, R) &FEHROHEKDHHEA - R ER (H, C

Fig. 43, Dense Sargassum macrocarpum population
in mature season {(a) and juvenile thallus (b)
at a depth of 8 m in Fukawa Bay, Yamaguchi
Prefecture.
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Fig. 44, A schematic diagram of Productmeter of large vessel type. R, reaction vessel containing sample and
filtered seawater ; C, compensation vessel containing the same amount of filtered water as in the
reaction vessel ; PT, plastic capillary tubes ; RB, rubber blocks ; SH, small holes ; U, U-shaped
capillary tube ; I, index drop (kerosene containing 0.01-0.02% sudan black) ; 88, stopcock with 3-way ;
G1, graduated capillary tube (0.1ml) ; G2, graduated capillary tube (0.5mD ; F, colored fluid (aqueous
solution containing 2 % invert soap such as benzethonium chloride and 0.01-0.02% eosine) ; FR, fluid
reservoir ; SC, screw clamp ; W, water bath ; S, shaker ; L, light source.
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Fig. 45. Schematic diagrams of additions to and losses from the biomass in a plant population during a speci-
fied period from f; to fg. By, initial biomass at t; ; By, biomass at f2 ; AB, increment of biomass

(By-By); By, biomass of old component at t2 ; Boy, biomass of new component at #z ; Py, net

production ; Gg, loss by grazing for By ; Sp, loss by shedding for B

ding for By and Pu.

Method I

Gy, loss by grazing for

Py ; Sy, loss by shedding for Py ; G, total loss by grazing for By and Fy ; S, total loss by shed-
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Fig. 46, Schematic diagrams for estimating the loss of thalli by Midorikawa (1959). T, weight of leaves ; C,
weight of main branches ; H, height of population ; a, the productive structure at a certain time ? ;
b, the productive structure at ¢ after a certain period time. Broken line represent the productive

structure at .
increment of main branches (ABg).

. loss of leaves by shedding (AS);[ZZZ7. increment of leaves (ABp); FEERY,
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A. Measurement of solar radiation
Solar radiation

« Approximation of diurnal
change in solar radiation

fitted curve

' Time
B. Measurements of light condition under water and in the population

e Calculation of attenuation
coefficient of seawater

-t
-

Light intensity

* Analyzing the
productive structure

LAl
o Calculation of extinction of light in the population

v

C. Measurements of photosynthesis and respiration

Y

D. Estimation of net production

Photosynthesis

0

Light intensity

Fig. 47. Experimental procedure for estimation of net production of the Sargassum macrocarpum population.
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Fig. 48, Distribution of the relative light intensity (%
to the surface water value) and Sargassum
macrocarpum thalli on the community floor
in May 1998. Circle size indicates the stem
diameter. large open circles, > 5 mm ; small
open circles, 3 - 5 mm ; small solid cireles, <
3 mm ; closed triangle, other Sargassum
species ; H, higher ; L, lower,

Number of thalli

00 2 4 6 8 10 12 14 168 18 20
Relative light intensity (%)

Fig. 49, Frequency distribution of the relative light
intensity at growing points of  juvenile
Sargassum macrocarpum measured from
April to June 1998,
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Fig. 50, Photosynthesis-light relationship for juvenile
thalli of Sargassum macrocarpum at 20 °C.
Vertical bars indicate 96% confidence limits.
n==4, P, net photosynthesis ; I, light
intensity.
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Fig. 51. Diurnal changes in solar radiation on fine,
cloudy and rainy days. The broken lines
show the fitied sine curves. fine, fp =1885
x sin™* (m/D) ; cloudy, Jo =1050 X sin™
(nt/D) ; rainy, I =390 sin'* (m/D); &,
solar radiation (#E m®") at a given time ¢
after sunrise; D, length of daytime.

CORMB, / aFYE I YEOLHEAIZ4.98E

mstEETHT & 1o,

tkic, WHALLCERE T SR (199842 5 A2TH),

SR (FEHA1R) BXUWMK (BHE6AIH) Kk

B 5 AHEOAEEETg. SLITRT, R, #XK

BRUMKE bRBEEH ST, HOWldh otk

OHSER (b, tEm?*?) & ROV v A-TT

BIEELE 5 &M TET,

Ip = lyag sin®4 (/D)

T T, gy EEAPEOEKEME(LE m?sh), DI
HE (h) Th3,

COWEMITIEbA19988E 4 A6 6 H % TOI
R EFRIL B ORREMEL L HE%2Table 42
R COMMICHY 2 FEMEHEOKRKEHRE
(maz) 1311824 .E m?s'T, WERDHOIB0%TH -
fzo %7, BEOVEHEIZISThTH » 7

SiEHHET T 2EFONBE (I, Em’s') &
i AR OHEOREABGEE(F,, #l0em™®h?) 3,
RORTHEDLTIENTE S,

P, = 0.501

T, #m_ b0y (o) Xt 2 EEEF 0N
WA () ol (2) %,

Z=1/I,

THEDLTE, BHOWh Stk oA mEE (B
i3,

Pg = 0.50 Z Iygzsin*4(at/D).

K oT, BEAEER (Qy, ulOzem’day?) i,

Q= JP10.50 Z Igz sin™*(xt/D} dt,

% 0.90 Z Ipaz D/7.
Lichi-T, E$iEER (Q, #lOzem®day”) i,
24Uy OFERE A LB,

Qn = 0.90 Z Ipoz D/7—24R, (1.1)

&, BbTTENTES,

ORI, HIKETBE3 DDA~ -, TIHD
BEFSH O LM (20, B ORAkIRE
Upaz) BEUHE (D) RE - TEDLT I ENTED
W TH B,

BHAERERL (@) ERRIEHREE (Lney) & OBRE,

Table 4. The maximum solar radiation (Imag)_ on fine and average days, and the mean length of daytime from
April to June 1998, at Shimonoseki in Yamaguchi Prefecture.

Inar (HE m?s™)

Length of

Month .

fine day average day daytime (h)
April 1770.0 1096 .4 13.0
May 2041.0 1375.0 13.9
June 2107.0 10757 14.2
Mean 1972.7 1182.4 13,7
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Fig. 52, Relationships between the daily net production
and the maximum PAR of daytime for
juvenile thalli of Sargassum macrocarpum in
relation to different relative light intensities
(values on the line),

HEEHF OISR (2) BIcE L, Fig. 52sR
T HE (D) i, 199844 A» S 6 A oRiGD13.7
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T2 D Lygr HWHIRKA D0 LE m?s'» oK H @
1973 kE ms' OFEIC 5 5, Fig. 52I0R & Mo g
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EFRIC L ABKOMHBREPFLLLEQ, =00
B DMEXEMEZERD LTV S, TUabb, kD
HEEEREE (Z,) Th b, RoOXNTEHLT IEMNT
&7,
Ze = (24zR) /7 (0.90Ly0:D), (1.2)

Lo T, YiA0BREOLME R, MEMMb oW
R I R IEBIE Lpar TH 51182.4E m?s” (Table
4) % (1.2 ReRATHE &, K bodd a4
KHBHBE TR Th » 1o, TOMEIZ, BEERET,
I Y GHRPEE 9 B A R ORHEM D1.4%
(Fig. 48, 49) & @BE—BLi, Lk, 7 o

#i

UEIGIEBERT B RRAOEMEINI3%EELS
N5,

2. REBRRICLIEER

2.1, EEBEOANEIL

JaFY T HEOAEMBICBY 219934 6 H»
519944 7T Hichh iy T A B L £ Fig. 53KIRY,
19934 6 Hicid, EhoFELLEWERE, fiff
e UARRHER R R TEMR L o B W ERMIETE L T Wi,
Z 0%k, BBULAEVEEZIAZ LI ~NTHEL
foo &, 19D 4 ALS 6 Hicid, HilclimL
7oAk & 19936 I R L ERSBIE L Tz, Fig.
53D RS, 1993/ e U Lok,
ENSH SR U HEeERBRRB X UER I LT
fERR L b 0T, 19925E0E 4 & UI94ERE B Y, {1
BLAFEEMNCSOTRRLTVEYL, B8, 24
OEFEMERER TR L, FiH o4 iR % s
TEbLL, BUAERERLCEREDETRLTY
Bo Fig, dBIRL7z& S, B OLpERE & 1
NTED LA P HTERAERS TH B L ERLT
Wa,

19934E 6 A 519944E 3 Hishid Tid, FEEME
THIEONT, EBIUEEOWERISRE L
foo CORHRE TIRBEDOTH (0~60cm) ickif 3
WEEHOMERERI DM CH o7 Ei, 1994
EIRACRES L UEHORERM TN EFN431.3g
m*B L U642.6g mPE K EL Y, WE oD~ L
(60~180cm) TRAERBIKRSEE LA 1o RS
RO HERE, 3 A0S 5 Bk camicime,
6 Hici3262.7g m*&fkERD, COAOHEOE
Fi 03 1% % i, a4 A o BETIE TR
Bidg Lo, 5 AdS 6 Richid TRE T RTHE
Bisg Udco ERESAERBRIZ6 AL ST Hith iy Ta
JETRMICHTERE Lice —, SMET 2R ORER
1327.3~42.3g m* O TS - 72285, WS EmZEL
BAoNiEhs o,
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Fig. 53. Monthly chenges in productive structures of the Sargassum macrocarpum population from June 1993 to
July 1994. Diagrams show only branches which have sprouted in 1993, and show only the long and
mature branches from April to July 1894, F, dry weight of leaves ; C, dry weight of stems, main
branches and receptacles. Solid lines represent the data observed during the given month, and broken
lines represent the data observed during the preceding month. (2773, leaves , loss of leaves : RNNY ,
main branches ; {§5Y , loss of main branches ; , receptacles ; , loss of receptacles ;

, stems.




186 L&)

2000
1500
E i
E N
>
2 N
> 1000}
_ "
] L
&
£ e
> n
[}

500 |-

R

G 0

FMAMUJIJ
1994

Fig. 54. Monthly changes in dry weight of each live organ and their cumulative amount of loss. Solid lines rep-
resent the growth curve of each part. Patterns on bar are the same to those in Fig. 53.

2.2, WEER

/BFY TP EY B RMALOETR &L
T RTEIR A O A SR LR Fig. B4RRT . SO
REBEIREE IR SRR R X 0 I BIZE{L (Fig. 46, 53)
Mok,

/ 3XY T o BEEOERBAERERIE19934E 6 A 5
19944E.6 A £ TO 1 ERIc> L TRd fzo B BB
DIE6 AlcdE, HELLFHBLUHEADY
1 BifFLI3236.9g d.wt.m?TH - foo EHOMES
WEORMAHT Ui 1EEROI9949 6 Aicia, %, x

B, BB LUERMBKRER DS BANIIT69.4g
d.wt.m® (Fig. 45, Ban) Th ot TORBY
% & WAL D KEVEI % © BB A1 13 1067.6g  d.wt.m?
(Fig. 45, Sn) TH»fee LT, HEEHIE,
EROMEPHOBMSHET LI19ME 6 § oBEh
TH5769.4g d.wt.m?&, FEHOBBBEREZRT
% 51067.6g d.wt.m?*& 2 &EF L #1837.0g d.wi.m®
B, UL, COMIIEINES A TIRT TR
AL TOAEEPHEOHERSEEN TV A H,
1994426 H & cO4RERM 519934 6 H oBiHR £ %
LalwWicficd 21600.1g d.wim*E /oy 228
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J JASONDUJFMAMUJIJ
1993 1994

Fig. 55. Monthly changes in daily net productions of main branches (a), leaves (b), receptacles (¢} and total
organs (d) of the Sargassum macrocarpum population. Closed circles represent monthly changes of
the main branch length (&) and closed triangles represent monthly changes of leal area index, LAI (b).
Patterns on bar are the same to those in Fig. 53.



188 #

ORI RER & Ui,

Pig. MOEBTRL LA OERME,S 1 H
Bz opiEERERY, 7oA EPig. 55k
R, 1B kb OfEERE, ARME»S1 7/
HOMEEROZEEHRAND, ToMoHKTHZ T
sk bR,

TR D FHAEER & BRE O BRI Fig. 55(a)
WiRd e FHOMEERIZI003E6 B S19M4E 3 A
O TEEOMEL & SIREICEmM L7, 2 A
53 AEh i TRENOMEERN4.67g d.wt.m?
day'ERER LI, TO0%, FHOEERIIERE
EEbicRBBIZED L, 4 BRI, THOMARER
ELED LI, -1,

o Btk FER & EIATER (LAD o A BIZEi%:
Fig. 55(b)iciRd, ORI, 199356 A5
TREMLSTlg dwt.m?day'BUF & {EH » 1205,
T B 519944 3 B e d P Tikl.6lg d.wt.m?day '
52.58g d.wt.m*day'OHBNT, LAIDYNYG 3
DD LY, BLAE—EBOEERL, ThiRIO
o, WA RERC XY EML, EEIc Xk a8m
BBRIE—ETH 3500, EORERERSBD T
DRV IHEEL SN, UL, 3HbS4 Al
UTREOHEERRBLAIE L bicBicRb L, #
D%, MAEERZEDONE» -,

HERHZRIR O BHtdEER O A ML EFig. 55(c) R
To FROMEMEED, 5REORMIZERT
THIEE 2 A5 3 Jiehid T, ERBKOERH
WE o, ORI OEMEBROMAERRE, 0.17g
d.wtm?day ' EEWVMETH - oo T O, HRABKD
MAEENmL, 48255 Biod €533
d.wt.m®day CHRRMER L /oo AR OSAE R
25 Bd 5 6 HicdiyT2.90g d.wt.m?day* & PP
DUl 6 BicRHAERBEK Lol Sl sl s
nieds, FhLk, AMBKOMAERIHD ShT
o,

BEHPLERE Lz o0& ) = 7 BRA KO B it
o AJIZELEFig. 55(RT, M OMERR I
1993426 A5 7 Hic i 70.97g d.wt.m*day' T,
i L 2HEERS KN 2 &Y, 0%, BEO

#i

FUAERERNI FR DM VEIINL, 1992 A» S
JHE» U TT1Tg d.owt.m*day' THKRMER L 12,
3 AL, B oMAEREBDL, 1856 Jic
DIPTSR L 2B ERS T TED S,
6 J3 LARE S TR ORISR S hld » 12,

WIETE, KEREOLEEOBIHE(Lic>WT 4
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MR DB RO D b, JEKMERED S RN
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BBEED SN, ERMEBRS T OMAEERMED
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3. EEHEFTIN

JaX ) B WEOEENEHET I Lo ORYEE
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B A RIS ERR L foo
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ML OME O HEE R, Kb 59, v 4
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Ffo, 199TEEIT B B A BN LA M b o ek
(Ip) DEHELSRROE S KE YA v — 7T TIRE
AR EMNTER,

Ip = Ipgz sin™ e,/ D), (8.1)

T CTC, g SEEPRFO BRI (E mis™), D
HHEE G), t ZEOHL SO () Tb 5,
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“matured period

straight growth period

Fig. 56. Schematic diagram of seasonal changes in net productions of main branches, leaves, receptacles and
growth cycle of the Sargassum macrocarpum population.
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JEOIETRIEH (LAD TH 5,

-7, #EROBCEEIE, 19935E 6 A b 519984 5
HE oo s Ejicbhic» TR X N7KENERED
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Table 5. The maximum solar radiation on average da
daytime in 1997, at Shimonoseki in Yamaguc

i

(Zmag ), daily solar radiation, and the mean length of

Prefecture.

Month Imaz on average day Daily solar radiation Length of

(#E m?%™) (E m?*day™ daytime (h)
Jan. 578.3 11.9 10.2
Feb, 830.7 17.0 10.9
Mar. 1046.6 23.6 11.8
Apr. 1115.2 275 13.0
May 1275.5 34.0 13.9
June 1168.8 33.6 14,2
July 1192.9 31.8 13.9
Aug. 1579.8 42.2 13.4
Sept. 1110.3 273 12.3
Oct. 1129.5 25.5 11.6
Nov. 726.1 14.9 10.4
Dec. 566.3 10.5 9.9
Mean 1026.7 25.0 12,1

RRP ORI E N, TOFHMEAMCTable 61
Ko 6 A S11H DN O, SKBICH T TH
TKOBALREA0,16~0.20 L B WEAER L 128, &2
1 30.12~0. 13 LB WEER L, EHOEE TR
0.15:£0.01 CREEHEEIBHERIRR) TH » 7

i, BENOEROBOLRKEIEIOLN T, &
MG S L UK OBOLRES SHIEL TR /2, B
PRIFET BI0MFE 1L HE 3 ABLU10988 1 H & 2
HieBi 2R OB E K OLAI R Table TiC
Yo MR OBNRI0.46~0.54 TLAIDZ L1 BY
FE BE—EOMAERL, Pt 5 L05140.06T
BH T,

wic, K#Ed +z mdPod+z+Ar mETOWH
DR (LAI= AFy) Itk 0 IRINE h 208,
3.2 Eho

Iole ~{l(d+x)+ ks F,}_e ~A{kw(d-+x+ D)+ ki (Fot AF)} ]
THERLTIEMNTE,

Lo T, HENOEROESBRTER S0
B3 3368 (7, pEm's") BRRNTEbT I &n

T&l,
/= lim ]OEem{kw(d+x)+k,F,}
T g~ (A4 T+ DL+ Iy (Fot A JaF!
=1l ky e~ uld+z)+k; Fi} (3.8)

3.2 EOXER-JLBIR

Monsi und Saeki (1953) OB NRSRMA T
HERHE TH 2 WORGK ~ ki As A L LAl
WTW3, 7, KRR @SR cRaREd s
EHHIGNTEBY, saF¥FyeslELsryos
BDw b5/ 4 (Gao and Umezaki 1989) T,
BLH DAL T HNERIEESE WS S HES AT
W3, /IAFYEIZTHEBDOT EMEZ SN B,
BRI T L5, BERLONEAE S & UIRRH
TEEITIE » T2 19955E12 4 DA FAI100cm O KB #ik
OO, THOE SasiUEEoXamk -t
e Fig. BBICART, S & &ILHE200 LE m?s?
BLETRMFICET 2 AW — el 2R L, LI
DDA~ AR & THo e & ok, Bl
HYOMEEEREE OBIRLETH - 1o T1ibb,
BFE SR B & CWEIGRE L LoD 1E 5 5T
HOEL D bEVEER L, SHOMTIN:S 5T
IRV NSO EER LD, HBORERN
TONMETH 550 0E m*s'BITTE, Elaoks
AR LoD DL 3ETTH -1, D
SRR I D EWET, ookl
0TH -1z LichiaT, Sdmkick 2 EERO KR
HREC L -TEDOINBEEL LN, APFETOE
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Depth (m

Fig. 57. Schematic diagram of assessing light intensity in the population. I, light intensity on the sea sur-
face ; I, light intensity at a depth of x m from top of the population ; 7, light intensity absorbed by
a certain leaf ; d, depth of the top of the population from the sea surface; Ap, height of a certain
stratum of the population ; Fy, LAI at the depth of x m from top of the population ; AFy, LAI in
A, of the population.

EF1E F A OVERI 12 - TIRIED WA — % Py = 0l/(1+aD), (3.4)

i, TITC, Py BEGHEE (ulO2em®h), aB &
19984 2 3 0@ f49180cm® L, it & U FH U b 3 ER

O3 i SRR L 7o, DAL O 38 & IR AT & o, EoMMAREE (B, w/O2em®h’) @&

AT 00§ T H A3 0 B 8 D BE 0 S0 R — DRt R % Fig, (3.4) Hh SIFEHHE(r, ulOgem™h”) FHELFIV

59T IR, HEORAHL — KB G Tamiya (1951 I RO THRTEMNTES,

P> TROBEANE O TRT I ENTE S, B, = bl/(1+al)—r, (3.5)
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Table 6. Monthly change in attenuation coefficient at

surveyed area in Fukawa Bay of
Yamaguchi  Prefecture. Each datum

showed the means £ 95% confidence limits
during the 5 years from June 1993 to May

1998,

Month Attenuation coefficient
Jan. 0.12::0.07
Feb., 0.132:0.01
Mar. 0.13:0.05
Apr. 0,1740.06
May 0.15:£0.02
June 0.16:4:0,04
July 0.17:£0,06
Aug. 0.16:40,04
Sept. 0.20£0.01
Oct. 0.14::0,03
Nov, 0.17:0.08
Dec. 0.13::0.02
Mean 0.1520.01

#

Table 7. Extinction coefficients and leaf area index
(LAD in the
population in January and March 1994, and

Sargassum macrocarpum

January and February 1998.

Month Year Bxtinction ——p )
coefficient

January 1994 0.52 4.43

March 1994 0.48 4.72

June 1998 0.52 3.88

February 1998 0.54 3.35
Mean $95% confidence 0.51::0.06

limit

SIT, rOMEENEED, RO T40u Oy
em®h?, HB, TFEGE & UHEIROIET 2.2 4l O cm?
W' TH -t &z, 7 3FY €y PEENOIEONLE —
S, E0IEE LT nAORE (R, T
BRUEMOE) O2 00T ERSE A &0T
i, Tihbb, G5 XoaBLUblito>WTIE,

L#olETiia = 0.018, b=2069, hif, T#Hs&

Photosynthesis (¢ O;mg' d. wt. h™')

i i 1

200 300 400

Light intensity (uE m-2s)

Fig. 58, Photosynthesis-light curves of different organs of adult Sargassum macrocarpum, measured at 20°C in

December 1995. A, upper leaves ; ¥, lower leaves ; @, vesicles ; @, main branches.

indicate 959 confidens limits. n=3.

Vertical bars
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Photosynthesis (i Oz cm™2h)
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Fig. 59. Photosynthesis-light curves of upper leaves (A), middle leaves (B) and lower leaves (¥) with double
serrated margin, and lower leaves (@) with serrulate margin in adult Sargassum macrocarpum,
measured at 13°C in February 1998, The solid lines show the fitted curves to upper leave (&) and mid-
dle and lower leaves (b). Vertical bars indicate 95% confidence limits. n=3.

UHMoETIda = 0016, b=0583TH -, TH
50 2 D ONA— JethiE OBGRE, B LY oIS
EREIHEL OBBREERETS - T,

3.3 EBEFIRICLDEER

JaF ) e s BEQIROMARERP (2l Oy m?
day") FkHainic, &9, HEakE Lo
EW o N AMELIERE, i, THB L URBoR
Thboh2HELUTORR ST, ki, &ET
DEEDNAR - iR EE LT (B.5) RNEEDHED
N EE LT (3.3 REMRAL, B, Ti4bd
LAI(F) oW T ENZhEST 5, &5k, 1BA
EPATaCEickn 1H, Im Sk OBHEHILE
ERpEEMTE, KATERDbLI,

P= 2 Rar+ [T (B)dFtde, (3.6)
CIT, Py B EROETED SN AHE LR SR

HEh mOFEE TOLAL Py i3 LBOEOFEARK
BME (ulOym™h™), P s oot
BT (ul O m™h™) TH 5,

oMk, FRAHEELEIHIm S/ OEER
(g d.wt.m*day") & LTRkp3Biwic, BE (02)
U &7 0 ORULESEKY (CH0 ) 1.34gicHY
FTEELTHE LI, &£, EFARKRBESHLD,
/AFY T BELROHEEE Im, LBOEHNED
BREOES (h) % 1m, EBHOBLRECERNI
& 00.51 (Table 7), MWHITORHRES % (E#H
1985), HEOBBRERFREEFHETEN L LT,
AR REAE L L

BRI ARNEZ T - 719985E2 Ho 2 o Y
TOWEDO L BHlcp OMERRELAIL OMGE
KROBSERIM T LB RL, TOEREFig. 601K
4, Table 5LV Iyey 13 2 A OFEETH 5830.7 4E
wm?s!, HAfI210.9h& UTHABEREZEI L, Sk
ERRBLAIOKESIRIVERLE, T4bb, LAI
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Fig. 60. Relationships between daily net production and LAI (leaf area index) of the Sargassum macrocarpum
population at a depth of 8m in Fukawa Bay, Yamaguchi Prefecture, in February 1998. Each line is
calculated at various attenuation coefficient of seawater (values on the line).
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DSBS WRTE, ky = 0.30 ORI 18 b I
B WEBRPIESRA T TV AR,
R GHROREBROBRTLA SN BHTH 5,
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L, 7KE0micH T 2 RMWLANL.8, BokEit et



B 7 F Y € QBTN 195

10 10
- 0.10 " 0.15

Net production (g d. wt. m2day™)

Fig. 61. The estimation of daily net production of the Sargassum macrocarpum population at various depth
(values on the line) and attenuation coefficient of seawater (values in the figures).
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Fig. 62. Relationships between productivity estimated by mathematical model and measured by summation
method (as shown in Fig. 55(d)) of the Sargassum macrocarpum population at various attenuation
coefficient of seawater (values on the line) in Fukawa Bay, Yamaguchi Prefecture.
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Ecological study of Sargassum macrocarpum
C. Agardh (Fucales, Phaeophyta)

Noboru Murase

Sargassum macrocarpum C. Agardh (Fucales, Phaeophyta) is a perennial brown alga and is
highly differentiated into the holdfast, stem, main branches, vesicles, receptacles and so on. This
species forms dense populations called Sargassum beds, which play a major role in the primary
production in coastal ecosystems, and are important as nursery grounds for coastal fishes and
other animals. The present study focused on the biclogical characteristics of S. macrocarpum
with reference to its production ecology. Special attention was paid to the relationship between
the structure and the function of the S. macrocarpum population on the flat rock area in Fukawa
Bay, facing the Sea of Japan, Yamaguchi Prefecture, Japan. The following characteristics were
examined, 1) growth and maturation from embryos to adult thalli using methods of tagging,
clipping, transplanting in a field study, and tank culture in a laboratory study, 2) seasonal and
yearly changes in standing crop, density, productive structure, age composition, dispersion map
and the analysis of the regeneration process, 3) critical light intensity for growth in the population
and daily compensation point of juvenile thalli, 4) estimations of net production by the summation
method and a mathematical model based on the rate of photosynthesis and light intensity under
water and in the population.

Eggs and embryos on female receptacles were observed in June. After attachment and
germination on the sea bed, embryos grew to 2 - 5 mm in total length by October to December.
Growth of the juvenile thalli was very slow and reached only 10cm or less in total length after
approximately one year from germination. This slow growth pattern was observed in the field
and the indoor tank culture. Thereafter, the thalli began to grow from fall to winter and
reached about 15 cm in total length after 1.5 years from germination. In June, after 2 years, only
two thalli of about 50 em or more in total length bore receptacles and matured. The majority
of the other thalli, however, did not bear receptacles and grew to 10 - 26 ¢cm in total length.
Thereafter, the length of the main branches of these thalli grew rapidly. Therefore, it was clarified
that it took at least two years of growth by S. macrocarpum to reach maturation. Additionally,
receptacles were evident in the majority of adult thalli, which were collected in the field, with three
or more growth rings in the holdfast. During the period from June to August, all of the old
branches withered and new branches had already developed on the perennial stems of the adult
thalli. New branches grew rapidly from fall to winter, and bore receptacles from March to June.
The main branches of the adult thalli deteriorated until spring through the winter, approximately
one year after development of the main branches. Therefore, it is thought that this periodical
growth pattern of the main branches plays an important role in the stability of the population.

Growth rings observed in the holdfast were confirmed as annual rings which formed periodically
once a year. There was an adequate correlation between stem diameter and the numbers of annunal
rings. Therefore, the stem diameter was used as the standard characteristic of age. Additionally,
this characteristic was readily measurable underwater in the natural population. The maximum
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life span of S. macrocarpum was considered to be nine years or more, according to the age
analysis using the stem diameter and the number of annual rings. The regeneration process of
the population corresponded well to typical “gap regeneration” in terrestrial climax forests.
Three phases of gap, building and maturation were distinguished with reference to the structural
and dynamic features of the population, and the turnover time of the canopy layer was 4-5 years.

Juvenile thalli on the population floor play an important role as major constituents of the
coming generation. The estimated daily compensation point of the juvenile thalli was 1.3 % of
the sea surface light intensity. This value agreed well with the observed critical light intensity
for growth of the juvenile thalli on the population floor. Results indicated that juvenile thalli
are strongly influenced by the change in light distribution on the population floor according to
yearly changes in the population density.

Annual net production of newly sprouting branches in June from 1993 tc 1894 was about 1.6 kg
dry wt.m?year” based on the summation method, which was calculated from the monthly change
in the productive structure. The relative value of the annual net production to the
maximum standing crop in May was about 1.4, Daily net production reached a maximum of
about 7 g dry wt. m™*day”’ from February to March. These high production rates of the S.
macrocarpum population represents one of the main primary producers in coastal ecosystems.

For estimating the production of the S. macrocarpum population, a mathematical model was
developed using factors of the photosynthesis-light curves of the upper and lower leaves, the
attenuation coefficient of sea water, the extinction of light in the population and the daily
change in sclar irradiance. The estimated daily production agreed well with the measured daily
production based on the summation method. This model suggests that in the deeper population,
the production decreased rapidly by the high attenuation coefficient caused by the turbidity of
the sea water.

In the present study, it was clarified that the S. macrocarpum population was characterized by
a perennial growth pattern, and was maintained and stabilized by gap regeneration and high
productivity over many years. This study provides fundamental methods and data on which to
base marine afforestation, which is important for the enhancement of nursery grounds and for
the preservation of environmental conditions in coastal ecosystems. Additionally, it is thought
that the methods used in this study are applicable for the study of the production ecology of the
other macroalgal populations.



